Dedicated to Professor Peter G Waterman, one of the pioneers of phytochemical research.
The species is used medicinally in southern Egypt and Saudi Arabia to treat inflammation and as an insect repellant [4] . Previous studies have centered on the isolation of many sesquiterpene lactones belonging to the guaianolide [5] , eudesmanolide [6] and xantholide classes, and kaurane diterpenes [7] .
Compound 1 was isolated as a pale yellow oil from the n-hexane extract of P. crispa. Accurate mass measurement yielded an ion at m/z 246.1264 [M-H 2 O]+, which gave the expected formula, less a water molecule, of C 15 H 18 O 3 . The 1 H and 13 C NMR spectra (Table 1) showed signals for two olefinic hydrogens, three methylene groups, two oxymethine groups, two methyl moieties, and an ester carbonyl carbon. From the HMBC data ( Figure 1 ), methyl-15 (δ H 1.25) appeared as a singlet and gave a 2 J correlation with a quaternary carbon, C-2 (δ C 69.8), and 3 J correlations to a methylene carbon (C-1, δ C 44.7) and an olefinic carbon (δ C 142.2, C-3). Due to the downfield resonance of C-2, an hydroxyl group was placed there. an HMBC correlation with a quaternary carbon placed at C-5 (δ C 53.5). The 13 C resonance for C-5 was characteristic of a quaternary carbon at a ring junction [8] . The olefinic hydrogen, H-4, also showed a 3 J correlation with a methine carbon (δ C 30.4, C-6), which in turn exhibited a 2 J HMBC correlation and COSY correlation with a second methyl group (δ H 1.16 d, J = 7.5 Hz, δ C 21.7, C-14). Methyl-14 showed a 3 J correlation with C-5 and a methylene group at C-7. COSY correlations between H 2 -7 and a deshielded proton H-8 (δ H 4.03 dt, J = 7.5, 2.5 Hz), and H-8 and H-9 (δ H 2.21 bt, J = 7.5 Hz) placed these groups there.
2 J and 3 J correlations between H 2 -1 and H-6 respectively, with a quaternary carbon C-10 (δ C 49.6) completed rings A and B of this sesquiterpene. The methine proton H-9 showed a COSY correlation with the methylene protons of H 2 -11, which in turn gave a COSY correlation with a deshielded methine proton, H-12 (δ H 3.24 d, J = 4.0 Hz, δ C 83.7). Again, due to the downfield appearance of C-12, an hydroxyl group was placed here. 3 J HMBC correlations between H-9 and C-5, between H-9 and C-12 and also between H 2 -11 and C-5 confirmed that C-12 should be connected to C-5 forming a cyclopentane ring (ring C). This was further confirmed by a 3 J signal between H-12 and C-10.
Ring D was identified as being a 5-membered lactone ring system. The position of the carbonyl (δ C 177.7, C-13) was determined by two 3 J correlations between H 2 -1 and C-13 and also between H-8 and C-13, therefore placing the carbonyl group of the lactone at C-10. This left the oxygen atom of the lactone group to be attached at C-8, which would explain why this group is deshielded. The HMBC data established the presence of a sesquiterpene with a novel skeleton and a molecular formula of The relative stereochemistry of 1 was established by signals obtained in the NOESY spectrum. The cyclopentane ring (ring C) was positioned β with respect to the plane of rings A and B, whilst the 5-membered lactone ring was α-orientated. H-6 showed a 1,3 interaction with H-12, suggesting that H-6 must be β-oriented. Therefore, H-12 must be orientated towards ring B, with the hydroxyl group attached to this carbon being orientated towards ring A. This was supported by a strong NOE between H-4 and H 3 -14, placing this methyl group in an α-orientation. An NOE between H-3 and H 3 -15 placed this methyl group in an α-orientation. Finally, NOE's between H 2 -1β and H-9 and between H-9 and H-8 placed these protons in a β-orientation, thus completing the relative stereochemistry of this novel sesquiterpene skeleton. Compound 1 is, therefore, assigned as 2α,6α-dimethyltetracyclo-decal-3-en-2,12-diol-8α,13-olide (pulicrispiolide) and this is the first report of this sesquiterpene skeleton. 
Experimental
General experimental techniques: NMR spectra were recorded on a Bruker AVANCE 500 MHz spectrometer. Chemical shift values (δ) were reported in parts per million (ppm) relative to an appropriate internal solvent standard, and coupling constants (J values) are given in Hertz. Mass spectra were recorded on a Finnigan MAT 95 high resolution, double focusing, magnetic sector mass spectrometer. Accurate mass measurement was achieved using voltage scanning of the accelerating voltage. This was nominally 5kV and an internal reference of heptacosa was used. Resolution was set between 5000 and 10,000.
IR spectra were recorded on a Nicolet 360 FT-IR spectrophotometer and UV spectra on a Thermo Electron Corporation Helios spectrophotometer.
Plant material:
The plant material used for this study was collected from KSIR field station, in the Kebd area of Kuwait on the 27 th April, 1999. The material was identified by K.T. Mathew and a voucher specimen (KTM 4612, collected by Simon Gibbons and K.T. Mathew) is deposited at the Kuwait University Herbarium (KTUH).
Extraction and isolation:
The air dried aerial parts of Pulicaria crispa (185 g) were coarsely powdered and sequentially extracted in a Soxhlet apparatus with n-hexane (3.5 L), chloroform (3.5 L) and finally methanol (3.5 L). The n-hexane extract was concentrated under vacuum to yield 6.7 g of a green gum, which was subjected to vacuum liquid chromatography (VLC) on silica gel (12 g), eluting with n-hexane containing 10% increments of ethyl acetate to yield 12 fractions. The fraction eluted in 50% n-hexane underwent further separation by open column chromatography on Sephadex, eluting with dichloromethane, followed by normal-phase SPE (Phenomenex Strata Silica gel, 10 g / 60 mL giga tubes) eluting with 30% ethyl acetate in n-hexane. Fractions eluted from SPE were combined and subjected to multiple preparative TLC (two times) with toluene-ethyl acetate-acetic acid (80:18:2) as the mobile phase, to yield 1 (7.5 mg) rel-2α,6α-Dimethyltetracyclo-decal-3-en-2,12-diol-8α,13-olide ( 
